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ABSTRACT

The macro-invertebrates and water chemistry of the Dry Fork of
Belt Creek draipage were studled from May, 1973 through Mav, 1%74 to
determine the degree and extent of acid mine pollution. The numbers
of individuals and taxa, compositional balance, and avarage individual
diversity of macro-invertebrates from multi-plate, artificial sub-
strate samplers decreased upon downstream progression on Galena Creek
and the Dry Fork of Belt Creek while Tendipedidae increased their
dominance. The blotlc parameters for collections on Belt Creek showed
a slight reduction with downstream progression.

Seepages along Galena (resk increasad the specific conductance
and concentrations of copper, iron, magnesium, manganesea, sulfate,
and zinc and decreased the alkalinity and pH in the stream., Water
from Galena Creek increased specific conductance and concentrations
of calcium, copper, iron, magnesium, manganese, sulfate, and zinc and
decreased the alkalinity and pH in the Dry Fork of Belt Creek immedi-
ately below their confluence. Further downstream on the Ory ¥Fork of
Belt Creek, there was a progressive decrease in the concentrarions of
ivon, magnesium, manganese, sulfate, and zine and an increass in
ailkalinicy, pH, and the concentration of caleium. Specific conductance
and concentrations of copper fluctuated in the lower reaches of the
Dry Fork of Belt Creek. Specific conductance and zinc levels increased
but cepper concentrations decreased in Belt CUreek below the entrance
of the Dry Fork of Belt Creek,

Of the chemical parameters mesasured, apparently only copper and
zinc had a major effect on the macro-invertehrates. On the bry Fork
of Belt Creek, mats of vegetation, water temperature, and other
factors may have contributed to the downstream decrease in biotic
parameters since water chemistry generally showed Improvement. The
acid mine poliution added to Belt Creek by the entrance of the Dry
Fork of Belt Creek did not have a discernable negative effect on thar
stream’s macro-invertebrates.



INTRODUCTION

Acidic drainage from ddle mines is limiting the biological pro-
duction in much of Galena Creek and subsequently in the Dry Fork of
Belt Creek downstream from its confluence with Galena Creek {(Zollman,
1870). BHBardrock mining for silver with its accompanying copper, lead,
and zinc flourished along CGalena Creek from the 188(0°'s until the mid-
1890%s {Schafer, 1935). HMost mines have been inactive since 1900 with
the exceptions of the large Block P Mine, which was worked during the
periods from 1927 to 1930 and 1941 to 1943, and a few small,
sporadically operated mines (Zollman, 1%70).

The Montansz Department of Health and Department of Fish and Game
have conducted (1) chemical analvses of water samples collected from
Galena and the Dry Fork of Belt creeks in 1963, 19635, and 1966, {2
short-term, limited surveys of the bottom fauna in the Dry Fork of
Belt Creek in 1965 and 1966, and (3) 2 survey of fish distribution in
the Dry Fork of Belt Creek in 19866. Summarizing the results of these
investigations, Boland {1966} stated faunal survevs demonstrated a
reduction iam both numbers and variety of macro-invertebrates and the
presence of only one fish dn several miles of the Dry Fork of Belt
Creek below the enirance of Galena Creek. He further stated chemical
analvses indicated high levels of acidity, iron, and zinc and con-

cluded these factors alone or in combination were limiting the
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biological community. The specific sources of pollution were located
on Galena Creek from additional studies of water chemistry in 1968 and
1965. Apparently surface water percolates through mine spoils, in~
filtrates mine adits, and emerges with acid and heavy metals as
seepages {(Zollman, 1970), which flow into Galena Creek at several
locations upstream from its confluence with the Dry Fork of Belt
Creek.

The primary purpose of this study was to determine the severity
and extent of the effects of acid mine pollution on the benthic macro-
invertebrates of the Dry Fork of Belt Creek drainage. The effects of
pollution from the.bry Fork of Belt Creek on Belt {reek were also
investigated. I conducted field research from May 4, 1973 through
May 17, 1974, 1In March, 1973 a study was begun by the Montana De-
partment of Natural Resources and Conservatlon under funding by the
Enviropmental Protection Agency to determine the feasibility of using
present methods of mine sealing and water treatment to reduce the acid
mine poliution of Galena Creek. The information from my study should
also establish bioclogical baselines for the determination of possible
improvements in the streams' benthic macro-invertebrate populations

resulting from future pollution abatement.



DESCRIPTION OF BIUDY AREA

The study area lay principally in Cascade County (T15N, R7E and
RBE) on the northern edge of the Little Bel: Mountains in central
Montana. These mountaing form a low, plateau-like range of the
Rockies, having 2 maximum altitude of 2,797 m above mean sea level.
They have a base pf Pre-Cambrian gneiss and schist progressively
covered by Neihart gquartzite and several strata of Paleozolc sediments
including sandstone, shale, and limestone (Weed, 189%9). ZIgneous
intrusions in some instances have formed laccolithic peaks rising up
to 300 m above the platezu. The plateau itself is at an elevation
of about 2,400 m and has been heavily ervoded by the vadiating drain-
ages of the Judith, Musselshell, and Smith rivers and Dry Wolf and
Belt creeks (Schafer, 1935}. This erosion in the absence of
glaciation has created narrow, V-—shaped valleys cccasionally lying
800 m below the rim of the platesu.

The area studled consisted of portions of Galena, the Dry Fork
of Belt, and Belt creeks (Figure 1). Galena Creek originates,
according to USGS maps, at an altitude of about 2,256 m on the north
slope of Mixes Baldy Pesk. It flows southwardly, traveling epproxi-
mately 5.8 km beiore emptying into the Dry Fork of Belt Creek at an
elevation of 1,646 m., Its overall gradient is about 105 meters per
stream kilometer, and flows recorded during the study {(Table 1)

showed the mazximum spring discharge at its meouth (Station 3} was
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TABLE 1. PFLOWS (M3/SEC) MEASURED AT STATIONS ON GALENA CREERK (1-3)
AND THE DRY FORK OF BELT CREEK (4-8).

Date
1873 1974

Station 5718 5/8 ) 8/5 9/7 i6/8 /5 5/16

1 0.001 0.003 0.004 G.003

Z 0.016 0.015 0.0i6 0.014

3 1.280 0.368 0.148 0.034 0.041 0.029% 0.043 0.174

& 1,040 0.492 0.182 0.177 0,100 (0.456

5 4. 000G 0.751 0.222 £.228 0.164 0.151 0.76%

5} 1.009 0.1%7 0.286 §.188 0.877

7 2,520 1.241 0.342 0.447 0.233 0.281 1.262

# 5,700 2.427 1.03% 0,177 0.206 0.175 1.158

over 44 times as large as its minimum in the fall. The study section
on Galena Creek covered the 4.3 km of stream from a point on the
Green Creek fork of Galena to its confluence with the Dry Fork of
Relt Creek. This section included the maior site of acidic mine
seepage, the Block P Mine's spoil dump (Montana Department of Natural
Resources and Conservation, 1974), which lies between 3.3 and 3.8 km
upstream from Galena's mouth. The bottom type of Galena Creek at
higher elevations is principally gravel and sand but changes to a
semi-fused mixture of boulders and rubble near its mouth.

Aserial photographs by the U. §. Fovest Service and USGS maps
indicate the Dry Fork of Belt Creek (referred to as the Dry Fork
hereafter) criginates on the slopes of Big Baldy Mountain at an
elevation of about 2,500 m. It flows northwesterly 29.8 km to the

town of Monarch where it joins Belt Creek at an altitude of 1,402 m.
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The 10.5 km of the Dry Fork lying above 1,707 m in elevation have

many small tributavries and an overall gradient of about 76 w/km. The
remaining 19.3 km of the stream, lying below 1,707 w and comprising
the study section on the Dry Fork, have an overall gradient of 18

m/km and receive five permanent tributaries including Galena Creek,
which enters at a point 18.3 km upstream from Belt Creek. The highest
recorded discharge near the mouth of the Dry Fork (Station B} occurred
in the spring and was about 33 times greater than that of the lowest
fall measurement (Table 1). Weed (1899) reported a water loss in the
lower reaches of the Dry Fork and attributed it to the porous lime-
ctone astream bed. TFlows decreased from Station 7 to Station B during
this study. The stream bottom of the study section on the Dry Fork

is composed largely of boulders and rubble. Konizeski (1970) stated

a fishable population of cutthroat trout [(Salmo clgrki]) is present in
the Dry Fork above Galema Creek.

On USGS maps, Belt Creek begins in the area of King's Hill and
Flows north out of the Litrle Belts to join the Missouri River about
20 km east of Great Falls., The discharge just downstream from
Monarch averaged 5.1 m°/sec over a 21-vear period and had a 1972
maximum of 34.4 m°/sec in June and 2 minimum in December when ice
jams blocked all flow (USGE, 1973). The 12.5 km section of Belt Creek
upstream from the mouth of the Dry Fork has an overall gradient of

12 m/km. In the study section located just upstream and downstreanm
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from this confluence, the bottom Lype is comprised of boulders and
rubble. Rainbow (Salmo gairdneri) and brown trout (Salmo trutta)
populations exist 4 Belt Creek in fishable numbers (Konizeski, 1970).
Ten stations wers extablished in the study area {(Figure 1) as
sites for the collection of both agquatic fauna and water samples.
Sration 1 was located on the Green Creek fork of Calena Creek 4.3
Lm above the mouth of Galena Creek and served as the control statiom
for Calena Creek. Statdlon 2 was siruated on Galena Creek 4.0 km up-
stream from its mouth and 0.2 km above the Block P gpoil dump.
Gration 3 was on Galena Creek 0.2 km upstresm from its mouth., Statlon
4 was on the Dry Fork 19.3 kn upsiream from its mouth and 1.0 km up
from 1ts confluence with Galena Creek. It served as the control for
the Dry Fork. Station 5 was located on the Dyy Fork 18.%Z km upstream
from irs mouth and 0.1 km below the entrance of Galens Creek, &
distance which should have allowesd rhorough mixing of the two styeams.
Srations 6, 7, and § were 1ocated on the Dry Fork 13.2, 7.2, and 1.4
km upstreanm from its mouth, respectlvely, providing approximately
equal interstational distances of five to six kilometers between
Searions 5 through 8. Station ¥ was igcated on Belt Creek 0.3 ko
upstream from the enirance of the Dry Fork and served as the control
for Belt Creek, Station 10 was on Belt Creek 0.6 km downstream from

the mouth of the Dry Fork.



METHODS

Benthic macro-invertebrates were collected using multi-plate,
artificial substrate samplers. These samplers were similar to the
type described in Standard Methods for the Examination of Water and
Wastewater (APHA, 1871), but with the vadial dimensions of the large
plates uniformly increased to provide a cotal surface arvea of approxi-
mately 0.2 m? for each sampler. Four samplers were used ab each
station on Galena Creek and the Dry Fork while two were used per
station on Belt Creek. All samplers were placed in areas of visually
similar current, usually riffles, and were positioned by clamps and
anchor rods so they were located just above the substrate with thelr
plates lving parallel to it. An attempt was made [0 coliect samples
ar four-wesk intervals, but because of weather and stream conditions,
some intervals between sampling dates ranged up to six weeks. However,
the colonization pericd was equal for all samplevs collected in a
gilven month.

On each collection date the material from each recovered sampler
was scraped into a separate jar, and encugh formalin was added to make
a 10% concentration for preservation. These samples were taken to
Montane State University where they were individually washed on a US
Series Number 30 screen. Faunal erganisms were then hand picked from

the material retained by the screen and preserved in 50% isopropyl



alcohol, Benthic macro-invertebrates in each sample were Identified
to the lowest practical taxon using keys by Usinger {1971} and Ward
and Whipple {1959} and counted.

The individual diversity based on Brillouwin's interpretation of
information theory, maximum ipdividual diversity, and evenness nf the
collection were calculated for the collectlon from each sampler using
the formulae of Flelou {(196%9). An average was computed for each of
these diversity indices from the individual collection values at each
station on a2 given date, and the resuliing averages were used in the
inter-staticenal comparisons. Data were calculated at the Montana
State University Computer Center utilizing a computer program writlen

by perscanel of the Math Department, M, 5. U,

i

A cage bioassay of 48 hours duration was initiated on September
4, 1973 at Stations 2 through 8 using fingerling rainbow trout b
tained from the Fish Cultural Development Center at Bozeman, Monlana.
Station 1 was not included because its depth was insufficient. Two
groups of 10 fish each were held in wire minnmoy traps and were checked
for mortalities every 24 hours. A fish was considered dead when no

zilling or other hody movement wasg apparent.

Selected physical and chemical parameters were measured monthly
on Calena (reek and the Dry ¥ork from May, 1973 through May, 1974
except during February and March of 1374, The water chemistry of

felt Creek was studied in Beptember and Hovember of 1973. During
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months when macro-invertebrates were sampled, physical and chemical
measurements or water samples were obtained within 24 hours of the
benthos collection.

tream temperatures were taken with a pockel thermometer asually

at 0.2 m. Flows were determined from measuremenis made approximately
every 0.5 m on a transect across the stream. A Belentific Instruments
graduated mounting rod and a Gurley Model 622 current meiler were usad
to measure the depth and the velocity at a point lying 60% of the
depth bhelow the suriace. Disscived oxygen deferminations were nade
with a Hach Model DR-EL portable water analysis kit following Hach
srocedures. The pH was measured with an Orion lonalyzer Model 407
fon meter.

A1l other tests were conducted at Monrana State University from
water samples. Determinations of copper, iron, and manganese from
scidified water samples and sulfate from filrered samples were made
colorimetrieally. ALl colovimetric tests were performed on a Bausch
and Lomb Spectromic 20 colorimeter using Hach reagents and procedurss

otal hardness and calclum hardness

[

(Hach, 1969}. Concentrations of
from unmodified samplies and chloride from filtered samples were deter-
mined by titratlons using Hach reagents and procedures f{rom Standard
Methods for the FExamination of Water and Wastewater {(APHA, 19713,
Bererminarions of total alkalinity, megnesium, specific conductance,

sodium, potassium, and zinc were alsc made using procedures from
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Serandard Methods (APHA, 1971). Total alkslinity and specific con-
durtance were vun frvom cooled waver samples within 24 %@urg of
collecrion. Alkalinity was done potentiometrically on a Beckman
Fxpandomatic pH meter, and specific conductance was measured with a
Y. %, 1. Model 31 conductivity bridge. Maznesium was calculated from
other determined parameters. Potassium and sodium were determined by
flame photometry from acidlfied water samples using & Beckman Model
2400 DU spectrophotometer. Zinc was determined from acidified water
gamples by atomic absorption on the spectrophotomeler using a Beckman

atomic absorptien acogsscyy.



RESULTS

Bilotic

The numbers of benthic macro-invertsbrates oocllected from each
recovered mulii-plate sampler are given by taxon, sampling station,
and date in Appendix Tables § through 16. The total pumbser of
invertebrates pbrained was 10,548, of which 9% wers from Galena Crsek,
52% were from the Dry Fork, and 397 were frvom Belr Uyeek.

A pattern of declining total numbers of benthic macro—inverte-
wrates with downstresm progression was generally present throughout
the studv. This pattern was best demonsirated on Galena Creek and the
Pry Fork during the months of July, August, Sepiember, and Uctober
when sampling success was uniform. On Galena (reek the numbers of
invertebrates collected from Stations 1, 2, and 3 comprised approxi-
mately 59%, 38%Z, and 2%, respectively, of the stream’s collection for
those months. On the Dry Fork, Btations 4, 3, &, 7, and 8 had approxi-
mately 77%, 9%, 11%, 3%, and 1%, respectively, of that si:eam*s total
riumber for the four-month period. Eapecizally prominent was the large
deciine that ccpurred at Sratdon 5 dlmmediately below the confluence
of Galena Creek with the Dry Fork. ¢f the total number of macro-
invertebrates collestad during August, September, October, and
Hovember on Belt Creek, Station 9 had 647 and Station 10 had 367,

However, the greater number of Individuals at the upstream station
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on Belt Creek probably vepresanted sampling error and not an dnter-
stational ifrend since 1t was primarily caussd by an unusually large
collection on 2 single mampler in August {Appendix Tahle 16} that
comprised 327 of the Belt Creek total by itself,

Seasonal trends In the iatai numbers of individuals collected
were not well defined. However, during the July through October
period of equal sampling pressure, monthly total numbers collescted
from Galena Creek increased while those from the.ﬁzy Fork generally
decreased. From dugust through Hovesber, monthiy total numbsrs on
Belt Creek also generally decreased. Seasonal patterns were probably
caused by several factorve Includlng diffevences In the life nistories
of dpnsects, normal sampling variations, and changes in physical and
chemical ceonditions.

Members of the class Insecta comprised 98Z of the tetal nunber
of macro-invertebrates with 10,325 individuals, leaving 223 organisms
or 2% of ¢he total not in that class. A botal of 50 different taxs
wag collected during the entire study, of which 46 were insscts.
Insect taxa were distributed among eight orders, however, the
Ephemevoptera, Plecopterva, Trichoptera, and Dipters contained 27%,

8Z, 29%, and 36Z, respectively, of the fotal number of insects ob-

ol

talned during the study and zccounted for over 99% of the olass.
Members of each of these four predominant orders were collected in

every month sampiing was conducted. The largest monthly collectien
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of dipterans, plecoprerans, Urichopterans, and sphemeropiervans occourred
in Aungust, Seprtember, September, and Gctobexr, respectivaly, but these
were also the months with the greatest sampler recovery Success.

Bach of the four major insect orders were dominated by certain
genera. Baetie and Ephemerella accounted fovr 697 and 13%, respectively,
of trhe total ephemeropieran collection. HNemowurg made up 53% of the
number of plecopterans collected while each of the cother taxa inm the
crder vepresented 104 or less. Trichopterans were dominsted by
Brachycentrus and Lepidostoma with 407 and 36%, respectively, of the
individuals in the order. The dipteran families Tendipedidae and
Simuliidse comprised 57% and 41%, respectively, of the order’s fotal
number.

Four of the 50 taxa collected during the study were not insects,
and only fwo of these taxa had more Chan five members each. The class
Turhellaria had 177 dndividuals or 79% of the non-insect numbers, and
the subclass Ositracoda of the class Crustaces had 38 members or 17%.
All turbellarians were collected during August, Beptember, and October
while 211 but one 0f the ostracods wers obitalined dering September and
Uotober.

The maximum number of taxa found at any station on a single
sampling date was 20. A general pattern of decreasing numbers of taxa

upon downstream progression was evident throughout the study. For

Galena Creek and the Dry Fork, this trend was best demonstrated during
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the period of July through October when sampling pressure was equal.
For this peried, Statioms 1, 2, and 3 on Galena Creek had 2 monthly
average of 12, 5, and 2 taxms, respectively, and on the Dry Fork,
Starions 4 through 8 had an average of 16, 9, 7, 5, and 2 taxa per
month, respectively. On Belt Creek, the total number of tTaxa at
Statvion 9 exceeded rthat at Station 10 during three of the four months
sampled. However, the difference in the number of taxs belwsen the
rwo stations wae never greater than four. For each month from August
through October, the total number of taxa at Station 9 was comparable
to the respective value at Statioms 1 or 4, the other controls.

The community compositlon of each station's macro-invertebrate
collection by major taxonomic groups is presented in Table 2 for the
periods of uniform sampling success on each stresm. Communitie
composed of npumerous taxonomic groups balanced in their representation
are consldered indicastive of unpollured conditions while those having
only one or two taxs contaiping large numbers of individuals and a
fow other taxa with small numbers suggest an =ffect by pelilution,
especially if the taxa having large numbers are known to be tolerant
of pollution. Ephemeroplhera and Plecoptera were considered by Roback
and Richardson {1969) and Mackenthum {1969} to be more susceptible fo
acid mine pollution than the Trichoptera. and Diptera. OLiff (1963)
found Centroptilum more resistant to acid mine pollution than other

mavfly nymphs. Nemoura have besn observed to be tolerant of acid mine
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poliution in Europe (Korvek ef al., 197Z). Tendipedidae were found by
Roback and Richavdson {1969} and Roryak =% al. {1972} to be unusually
rezistant o acid mine pollution. Simuliddae, however, have been
reported by Mackenthum {1969} to oiten be absent from areas with acid
mine poilution. The composlitional trends shown in Table 7 and Appendix
Tables 9 through 17 and 16 indicate the severity and extent of the
effect of poliution on the biota of the three study streans.

Compositional balance generally decreased upon downstream pro-
gression on Galens Creek. Proportioms of trichopterans and plecopterans
decreased, and the proporilon of dipterans increased at both stations
downatream from Galena's control. Often the well repressnted insect
genera were The ones of their respective orders known o be tolerant
of acid mine pollution. These patierns were best demonstrated In the
following analvsis of the July through October pericd of egqual sampling
BUCOESS,

Af Station 1, the ephemeropiersznsg., plecopterans, tvichopterans,
and dipterans. each contributed 157 or more to the station’s collection
for the pericd. Plecopterans had the greatest proporiion of the total
with 32%. Femoura comprised 527 of the plecopterans, tendipedids made
up 95% of the dipterans, and the ephemeropteran genus Centropttlum
represented 96% of that order for the period. All bul one ostraced
ware found at Station 1 during this period. Their presence probably

was due to the small volume of flow {Table 1} and the sand hottom atr



this station.
At Station 2 only diptervans and turbellarvians contributed over

the number of individusls. Dipterans had 43%, and turbellarians

b

i3
had 46%. Tenddipedids were the only divterans at Station 2, and all
ephemeropterans were Baetis. HNemourc comprised 50% of the plecopterans
collected at the statien during this period. About #6864 of the turbel-
larians obtalned during the entire study were from this station. This
prebably reflects the pool-like nature of the station.

Ephemeropterans with 177 and the dipterans with 65% were the only
major groups contributing over 10% of Station 3's number of individuals
for the period. All ephemercpterans were (inygmula, and a1l but one
of the dipterans collected during this period were tendipedids,

Dara from stations on the Dry Fork showed that with downstrean
progression the balance initially declined below Calena Creek’s
entrance, then improved siightly, znd declined asgain at the siream’s
mouth. A1l stations downstream fvom the control had lower compositions
of ephemeropterans and higher compositions of dipterans for the July
through Octoher period of equal sesmpliing pressure.

The ephemeropterans, plecopterans, trichopterans, and dipterans
2t Statdion 4, the Dry Fork control, each contrvibuted 9% or more to the
rotal number of individuals for the period. Zphemeroprerans dominated
the collection with 47%. Two-thivds of that ovder were Baetis which

of the station’s four-month total., Newmourg

ol

acocuntad for 31
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contributed 72% to the plecopteran fotal, and tendipedids comprised
almost 78Z of the dipterans while simuliide were 22%Z of the order.

At Statvion 5, the fivst Dry Fork station below the confluence
with Galena Creek, ephemeropterans, trichopterans, and dipterans esach
accounted for 10% or more of the station’s collection for the perdiod.
Mpterans were decidedly dominant with 72% of the total number, and
tendipedids comprised BBYL of the order.

Only dipterans with 68% and trichopterans with 277 contributed
gver 2% of the total pumber of dndividuals for the period at Station
&, Tendipedids dominsted the dipterans with 93%Z of the ovder, and
Brachycentrus comprisad 887 of the trichopterans. All ephemeroptersans
were Fastis.

Trichopterans and diprerans were the only major groups at SBtation
7 that contributed over 6% to the station's collection for the periocd.
Trichopterans were the most numercus with 31%, and dipterans declined
from BRY of the total composition at Station & to 37% at this station.
The proportions of ephemeroprerans and plecopterans were grealter than
at the previous station, the first such gain cbaerved for these orders
and an indication of slight improvement. PFrachycentrus comprised 97%
af the itrichopterans, and rfendipedids represented 9841 of the dipterans.

The plecopterans, trichoplerans, and dipterans sach contributed
ovey 107 of the total number of individusls collected duvring the

period at Station 8. However, the dipterans clearly dominated with



74% of the total, rhe highest pevcentage for any major group observed
at any station. The dipterans collected during the period were 377
rendipedids, and the trichoprerans were 80% Brachycentrua.

The compositional balance of the Belt Creek cellections made from

August through November had an apparent decline from Station 9 to

ration 10. This resulted from an ipncresased proportion of trichop-

o]

terans and a dacreased proportion of diprerans at the downstream
At Btation 2 ephemeropterans, tvichoprerans, and dipterans each
b Es
contribured over 10% to the total number of individuals for the peried,

and the latter two taxsa dominared with 41% and 46%, respectively,

75 comprised 987 of the sphemeropterans collected, and Brachycenirus

and Lepide respectively, accounted for 347 and 3%% of the tri-
chopterans. Six percent of the dipterans were tendipedids while
simuliids made up 92%7 of the order. Hgglishaw and Morgan (19635)
staved high densities of simuliids are a common oncurrence because of
rtheir curvent specificity and recommendad they be excluded from sample
analysie., One sampler in the August collection (Appendix Table 16}
contributed an extraordinarily large number of simuliids which biased

the station’s compositional balance. If eimullids were excluded,

L

sphemeropterans, trichopterans, and diprerans would have had 20%, 71X,

and 6%, respectively, of the totsal number of individuals at Station 9,
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Sration 10 had three orders, ephemercpterans, trichopierans, and

diptersnz. making up %% or more of itz totsal number of individuals for

ragpectively. The dipterans had tendivedids and simuliids, respec-

e

tively, accounting for 337 and £4Z of the order. All sphenmercpierans
were Baetie, Exclusion of simuliids from counts at this station would
have increased The trichopteran proportion fo 82X and reduced the
dipteran proportion to 6%, making the adjusted ordinal balances of
Starions % and 10 more comparable.

The average lndividual diversity znd evenness of the distribution

of dndividuals dinto the taxa present at sach station on each sampling

h

date are given In Table 2. The diversity index tfyplcally rises as the
wealth of taxa Increases. Values theoretically range from gero fo any
positive number but are usueily below 10, The svenness parameler

measures the sguality of the distribution of individuals into the taxa

pregent and can theoretically range from zero to one with sgual distri-

bution of individuasls among the taxa being represenied by the value of

#

one {(Plelow, 196%). A =stable, climactic community free of pollution
would typically have a lavge number of taxa with relatively few
individuals per taxon, giving 1t a high diversity and a relatively

aven distribution. A communiiy sublect 2o pollution would show domi-

nence by resisfant taxa and the absence of some more susceptible ones
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and conseguently would have lower diversity and avenness values.

fBased on the numbers of individuals and taxa collected during

pattern of decreasing diversity with downstream progression was gener-
ally present on each of the three streams. The most complete docu-
mentation of this pattern occurred during the period from July through
Ootoher for Galena Ureek and the Dry Fork and from August through
November for Belt Creek when sampler recoveries were agual. Diversity
on Galena Creek for the period rvanged from 1,07 to 2.44, 0.31 1o 1.253,

1 for Stations L, Z, and 3, respectively. The average

L

and 0 to 0.
diversity was 1.82, 0.78, and 0.19 for Stations 1, 2, and 3, respec-
tively. Diversities ranged from 1.80 to 2.72, 0 te 2.10, 0.51 o 1.11,
G.28 to 1.01, and 0.13 to 0.45, respectively, during the period for
Starions 4 through 8 on the Dry Fork, and the averages for Stations 4
through 8, respectively, were 1.84, (.92, 0.78, .80, and 0.29. On
Belt Creek diversities ranged from 1.44 to 2.01 at Station ¥ and from
1.01 to 1.95% ar Starion 10 with an avevage of 1.74 and 1.55 at Stations
9 and 10, respeciively.

Evenness values observed during the study ranged from 0.38 o
1.00 with considerable fluctuation between statlions on a speciflc date
and between dates for a pavticular station. During the months of

equal sampling success, a trend of decreasing evenness upon downsiream
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progression was present for Stations 1 and Z on Galena Creek. On the
Drv Fork, Stations 4, 5, and 6 also had a decrease in evenness upon
dovmnstrean progression during the months of August and September. The
evenness values ar Station 2 on Galena Creek and Stations 7 and § on
the Drv Tork usually increased in relatlon to those at respective up-
stream gtations. bLach of these thres stations had less than 50 indi-
viduals in every month of the perlod and seemed to show a blas towards
igh evenness values that may have been due te thedr small sample
sizes. The average of defined evenness values was 0.79, 0.74, and
£.95 at 8Srations 1, 2, and 3, respectively, for Gzlena Creek during

the period. On the Dry Fork, Stations 4 through 8 averaged 0.64, 0,60,

{2

6,535, 0.79, and 1.00, respectively, for the period. On Belt Cresk for
rhe August through November period, Station 9 had an average of (.60
and Station 10 had 0.65. This increase in average evenness with down-
stream progression was probably due fo the previously noted simuliid
dominance at Station 9 in the August collection which would lower that
station’ s evenness.

Fingerling rainbow trout showed incressed mortality upon down-—
stream prograssion for Galena Creek during the 48-nour fileld bioassay.
Station 2 had a total mortality of 75% of the 20 test fish while
Station 3 had 1067 morralicy occeurring within the first Z4 hours of

the test. On the Dry Fork mortality increased from Statdlen 4 to

Station 5, helow Galena Creek’s sentrance, and then diminished downstreanm
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from there. Station 4 had no mortelity. Stations 5 and € had 100%
mortality, occurring within 24 hours and 48 hours, respectively. The

48-houy mortality at Stations 7 and 8§ was 708 and 40, respsctivelv.

Fhysical and Chemical

Megsurements of pH, temperature, and dissolved oxyvgen concen-
fration on Galens Creek and the Dry Fork are given in Table 4. Also
inciuded in this table for each stetion and date is the percentage of
dissolved oxygen saturaticon, derived in part from dissolved oxygen
concentration and temperature data.

The pi of water in Gslena Creek fluctuated slightly between
Grations 1 and Z but alwavs decreased upon downstiream progression to
Starion 3 which had the lowest pi observed at any station on each
sampling date. The pi on the Dry Fork decreased between Stations 4
and 5 and generally incressed downstream from Station 3 with an
eventual partial or full recovery o control levels inm four and six
months, respectively. The veduction in pH between Stations 4 and 5
waz at least ocne~half unit sach month and was the result of the entry
of Galena Creek.

The pH measurements vanged from 6,30 o 8.534 with 2 mexinum
difference between stations on any one sampling date of 1,96 units.
Gaufin (1973} suggested water with & pH range of 6.0 to 8.5 "should

¥

protect most cold water lotdc insects,” indicating that the observed
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pH levels were probably not detvimental to the general benthos.
Ephemeroptera is the insect order mosi sensitive to low pH {Bell and
Nebzker, 1%69:; Gaufin, 1973; Zimmel and Hales, 1973). Gaufin (157
determined that Rhithrogena robusta was the most sensitive of the

six ephemavopterans he studied with 8 96-hour median rolerance limi:

at the pH of £.35. This species was found in the study area but not at
Statdion 3, which had pH valuss below 6.35 in 3 of 10 determinarions.
This absence could have been caused by the low pH levels.

Hater temperatures generally incressed with downstream progression
on both Oalena Creek and the Dry Fork. Exceptions to this pattern
cccurred from November through January, when the stream had extensive
ice cover, znd during April and Getober, when Station 8 had a lower
temperature than Statdon 7. This latter exception was probably due to
the cccurrence of a considerable degree of evening cooling before the
water temperature was determined at Station B.

Yater temperatures ranged from 0% to 18° C during the study with
a maximum difference between stations on any one sampling date of 10°

£. The highest temperature observed did not excesed the 18.3°% ¢ cited

-,

by Gaufin (1973) as the upper limit for the maintenance of several of
the least tempervature tolerant species of Ephemeroptera, Plecoptera,
and Trichoptera. However, temperatures occasionally did exceed the
$6~hour median tolerance limits he determined for Cimygmula (11.70°

C), Ephemerella (15.45° ¢}, and It

genus (16.15% C) so a temperature-
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related Iimitation during three of the four months of uniform sampling
success waz still possible. On one oocasion during this study,
Cinmygmuila was found at 14° €.

Ho inter-statiomal trends were present for dissolved oxygen con-
centrations or percentages of dissclved oxvgen saturation observed
during the study. Dissclved oxygen concentrations ranged from 6 to 13
mg/l with a maximum varlation between stations on any one sampling
date of 3 meg/l. Six milldigrsms per liter is the minimum that Gaufin
{1873 considered conducive o long~term survival of aguatlic insects.
The minimum level of & mg/l measured in this study was apparently
adequate for the benthos since one collection made 2t this concen-
tration had the greatest number of individuals and the second lavgest
sumber of tawxa for that sampling date.

0f the 50 dissolved oxygen saturation detevminations, all were
at 50% sarturation or above, 40 were above BOZ ssturation, and 16 were
supersaturated. Gaufin (1973) cited work by Per Brink on Swedish
streams showing saturation values below 407 brought serious population
reductions for Plecoptera so they were probably not sericusly affected
by the saturation levels present. Ephemeropterans have been found to
be more sensitive to low oxyszen saturations than plecopterans {Gaufin,
1973), but it 1is slsc unlikely they were adversely affected since they
were found o be numerous at some of the lowest dissolved oxygen

saturation levels observed.
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The concentrations of chloride, potassium, and sodium determined
for water samples from stations on Galsna (reek and the Dry Fork are
presented in Appendix Tabhle 17. The only evident patiern for these
three parameters was one of higher sodium concentrations in Galena
Creek than in the Dry Fork. This may have been due to the weathering
of more feldspsr along Galens Creek becasuse of the svenetic geological
formations there.
Chloride, potassium, and sodium concentrations ranged from 0.3
to 1.7 mgfl, 0.4 to 1.0 mg/l, and 1.6 to 4.0 mg/l, respectively. The
magimum differences in chloride, potassium, and sodium concentrations
hetween stations on any one safpling date were only 1.3, §.5, and
2.2 mg/l, respectively, and the maximum combined concentration of
potassium and sodium was 4.6 mg/l. The concentrations for all thrse
parameters were considerably below toxic levels found in studies cited
by MceKee and Wolf {1963} in Water Qualicy Criteris.

The total alkalinity, as CalCl,, and specific conductance deter-

3*
minations for samples from Galena Cresk and the Dry Fork are given by
station and sampling date in Appendixz Table 18. On Galena Creek, the
toral alkalinity, a measure of the water's hydrogen ion buffering
capaclty, generally decreased upon downsiresm progression, indicating
an increased acld load in the stream. On the Dry Fork, toral

alkalinity decreased from Station 4 to Station 5 and then usually

incrsased with downstrean progression to levels that sxceeded the
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control. The rveduction at Statlon 5 was probably dus to the influence
of water from GCalena Treek, entering the Dry Fork just upstrveam. The
downsirean recovery wag due to the replacement of bicarbonate from the
limestone {CaC@?} that largely comprised the drainage.

Toral alkalinicy ranged from 10.5 to 116.0 mg/l with a maximum
difference between stations on any one sampling date of 98.5 mg/l.
Station 3 had the lowest total alkalinity of all statdions on 9 of 10
gampling dates, and 7 of irs 10 measurements were below the 20 me/l
jevel sstablished by the WTAC {1968} as a minimum for satisfactory
butfering capacity. Other stations were generally well above that
level.

Specific conductance, an estimation of the total dissolved
ionizable solids present, increased on Galena Creek upon downstream
progression, showing the addition of acid mine drainage. The highest
determinations of any station occurred at Station 3 during 9 of 10
months sampled, an indication of the large effect the pollution had
on the stream in that area. On the Dry Fork, specific conductance
increased between Stations 4 and 5 and became variasble downstream
from Station 5. Station 4 had the lowest measured specific conductance
for sach of the 10 samples with water from Galens Creek always in-~
creasing the conductance at Station 5.

The range of specific conductance eﬁcouatered was 148.5 to 502.1

umhos/em at 25° €, which approximated the normal range for US waters
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($ilis, 1837). The maximum difference hetween statlons on any one
sampling date was 294.6 umhos/cm. Between Stations 5 and 8, the
maximum monthly difference did not excead 40 umhos/om, indicating a
retention of total diszssolived lonizable solids. In zddition, an
estimation of the concentration of total dissclved ionizable solids
from the specific conductance showed that the study ares had hard
water as defined by Reld (1961}, since all values were above the 50
mg/ ]l minimum concentration.

Heither total alkalinity nor specific conductance are speciilc
toxic factors that would have adversely affected the benthos., Rather
they indicated the quality of the water and the degree and distriburion
of pollution.

Total hardness and calcolum hardness determinations, sach as CaCOB,
for stations ¢on Galena Creek and the Drv Fork are presented in
Appendix Table 19. Total havdness increased In a downstrsam direction
on Galena Creek on five of the six sampling dates when all its stations
wers sampled, The highest monthly total hardness was recorded at
Startdion 3 on 9 of 10 sampling dates. On the Dry Fork, concentrations
progressively Increased from Stations 4 through 7 during & of 10
months. The lowest tetal havdmess ooccurrved at Statlon 4 on every
sampling date., Consequently, part of the increase observed on the
Dry Fork between Stations 4 and 5 was due fo the entrance of water

from Galena Creek. Total hardness ranged from 54.4 to 233.4 mg/l,
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and the maximun diffevence hetwean stations on any one sampling date
was 127.4 mg/1.

Tatal hardness minus total alkalinity {sppendix Table 18} equals
the non-carbonate hardness. The calculation of this parameter, undery
the observed pH levels, indicated the presence of substantial amounts
of anions other than bicarbonates and carbonates in the water at all
stations but Station 4. Non-carbonate harydness ranged from 30.0 to
215.9 mg/l ar Galena Creek statioms. At Station 4 it had a maximum
value of 6.8 mg/l and was not definable {when total alkalinity ex—
ceeded total hardness) on 5 of the 10 sampling dates, so this station
genevally had a carbonate-blcarbonate type of water. The non-carbonate
hardness ranged from 12.1 fo 86.5 mg/l at Stations 5 through 8 on the
Dry Fork with the increase from the level at Station & due to acid
mine pollution entering from Galena Creek.

Calcium hardness increased upon downstream progression in four of
gix samples on Galena Creek and in ¢ of 10 ssmples for Stations 4
through 7 on the Dry Fork. It ranged from 38.6 to 126.4 mg/l, and
the maximum difference between stations on any one sampling date was
56.0 mg/l.

The concentrations of calcium and magnesium present at the Galena
Creek and Dry Fork stations were calculated in part from the hardness
determinationg and are given in Table 5. Because calclum levels were

obtalned dirvectly from caleoium hardness values, thelr trends were
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identical. Station 3 had the highest monthly concentration observed
on 7 of 10 samples, showing again that water from Galena Creek was

in part responsible for the increase in concentration observed between
Stations 4 and 5 in 9 of the 10 samples. However, in the case of
calcium, the influence of Galena Creek on the Dry Fork was probably
not as direct as with some cother parameters because the limestone
basin of the Dry Fork also caused the increase in calcium at Statlions
5, &, and 7.

Obgserved calcium concentrations ranged from 15.4 to 59.2 mg/l,
and the maximum difference between stations on any one sampling date
was 25.8 wg/i. In low flow peviods, Stations 6 and 7 reached or
exceeded saturation levels for calcite, and all other stations except
Station 3 approached saturation. Although Station 3 had high concen-
tratieons of ecaleivm, it remained far below calecite saturation because
irs high concentrations of other disscived lonlzable solids resulted
in low ionic activity. HNone of the cobserved levels of calcium
approached the 300 mg/l minimum concentration found to be toxic to
fish in research cited by Mc¥ee and Wolf {1963). Because calcium has
an antagonistic actlion towards the toxic effects of heavy metals
{i.lovd, 1962; McKee and Wolf, 1963}, it was probably beneficial to
the benthis macro-invertebrates instead of detrimental.

Levels of magnesium did not have consistent downstream pattern

between the three stations on Galena Creek, bub Station 3 had the
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highest monthly concentration in 9 of 10 sampies. On the Dry Fork,
concentrations increased from Statlom 4 to Station 5 with a progressive
downstream decrease below Btatdion 5 occurring on 7 of the 10 sampling
dates. Station 4 had the lowest concentration each of the 10 months
s0 water from Galena Creek always increased the level of magnesium
at Station 5.

Magnesium concentrations ranged from 3.7 to Z21.1 mg/l, and the
maximum difference betwsen stations on any one sampling date was 15.7
mg/l. HMaznesium levels were below the 100 mg/l concentration found
roxic to fish and probably had a beneficial effect on the benthos
because of its antagonistic action towards heavy metal toxicity {(McKee
and Wolf, 19563},

The selected physical and chemical determinations made on Belt
Creek in November, 1973 are presented in Appendixz Table 20. There
were no essential differences between Stations 9 and 10 in the levels
of pH, speclfic conductance, total alkalinity, total hardspess, calcium
hardness, calcium, magnesium, and sodium, and all were well within the
respective ranges previously presented for Galena Creek and the Dry
Fork. However, specific conductance increased slightly upon down-
stream progression, indicating an addition of dissolved ionizable
solids from the Dry Fork. The volume of water in Belt {reek apparently

minimized the influence of water from the Dry Fork.
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The concentrations of total iron and menganese determined during
the study are given in Table 6. Total iron concentrations on Galens
Creek generally increased with downsiveam progression. On 10 of 11
sampling dates, Station 3 had the bighest monthly ironm level. On the
Dry Fork, concentrations increased from Station 4 to Station 5 and
then generally decreased with downstream progression. Station 4 had
the lowest concentrations of total ironm on 10 of the 11 dates so
water from Galena Creek consequently increased the concentrations st
Stavion 3 dgziag all but one month of the study. There was no differ-
snce between the two Belt Creek stations in thelr iron concentrations.

For all staticns on Galena Creek and the Dry Fork., thers azpparently
was 3 relation between high total iron concentrations and high stream
filows {Tabhle 13. The highest levels of total dron recorded at Stations
72 through 6 eccurred during May, 1973, coinciding with the peak of
spring tunoff that vear. This relationship was probably due to the
increased suspension and downstream transportation of previocusly de-
posited ferric hvdroxide {or ferric oxide hydroxide) precipitate from
upstream aresas. Chadwick {1974) reported z similar increase in total
iron concentrations durding high flows at two of his stations.

Concentrationsz of tetal drom ranged from (.02 to 1.64 mg/l with
a2 maximum difference between stations on any one sampling date of 1.54
mgil. On Galena Cresek, iron levels at Szations 1 and 2 did not exceed

8.13 meg/1 snd 0,33 mg/l, respectively, and Station 3 had ironm values
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of .60 mg/l or below on 7 of the 11 sawmpling dates. On the Dry Fork,
Statdion 4 did not have iron present in excess of .10 mg/l. On 11
sampling dates, an iron concentration of 0.35% mg/l was exceeded twice
at Stations % and 8 snd once at Stations 6 and 7. Levels in Relt
Cresk were below 0.06 mg/l. Roback and Richardson {(1969) found a well
developed insect fauna with a balanced assembliage of species in each
order in an area heving ircn concentrations usually ranging between
0.60 and 0.83 mg/l but once having a measurement of 4.97 mg/l.
Chadwick {1974} had similar results, detecting no effect on benthic
macro-invertebrates by total dron concentrations of approximately 0.80
mg/l with one determination of 1.70 mg/l. Consegquently, iron concen—
trations In the range observed in this study should not have been
detrimental fo benthlc macro-invertebrates present.

Manganese increased in concentration upon downstresam progression
on Galena Creek on three of the six sampling dates a1l three stations
were sampled, and the highsst monthly concentrations occurred at
Starion 3 on 9 of 10 sampling dates. Water from Galena Creaek increased
the manganeses concentration of the Dry Fork from Station 4 to Station
5 during all 10 months of sampling. At Stations 5 through B, manganese
concentrations decreassed with Jdownstreanm progression on 5 of the 10
sampling dates but fluctuated without pattern between rhose stations
during the other five months. Statiocns 9 and 10 on Belt Cresk also

nad no consistent patitern.
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Manganese concentrations ranged from 0.20 to (.80 mg/l, and the
maximum difference between stations on any one date was 0.35 mg/1.
Aoback and Richaydson (1969) reported a manganese laval of 1.172 to
2.73 mg/l at a station that had 65 taxa and was "reasonably diverse
and well balanced”. Levels as high as 15 mg/l were found harmless to
insect larvae over a 7-day exposure in work cited by McKee and Wolf
{1963). BSince concenitvatlons of manganese in this study did not
appreoach these levels, they should not have been toxic to the benthos.

The determinstions of copper, sulfate, and zinc concentrations
are given in Table 7. Copper incressed on Galena Creek in 2 downstream
progression during three of the six months when all Chres stations were
sampled. On 9 of 10 sampling datesz, Station 3 had the highest observed
monthly level of any station in the study. For the Dry Fork, values
of copper increased with downstiream progression betwsen Stations & and
53 during all months due to the entvsnce of Galena Creek. Concen-
trarions at Btations & through 8 usuvally fluctuated without pattern at
levels scmewhat lower than observed at Station 5. Beltr Creek had a
reduction in copper concentrations with downstream progression, evi-
dently due to dilution by the Dry Fork.

Concentrations of copper ranged from 0.08 to 0.79 mgfl, and the
maximum difference between stations on any one sampling date was (.64
mg/i. Station 3 had concentrations over 0.60 mg/l in 7 of 10 samples.

Ho othey station had a level greater than 0.42 mg/l.
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Resesrch results on the toxicity of copper are variable. Warnick
and Bell (196%9) found median tolerance limits at copper concentrations
of 0.32 mg/1 for ephemeropterans in 48 hours, B.3 mg/l for plecopterans
in 94 hours, and 32 mg/l for trichopterans in 14 davs. However,
Spraguse et al. {1963} concluded that all macro-lnvertebrates would be
absent from water having copper concentrations of 0.19% mg/l. Vivier
and Wishet (1%62) reported that a H~dav exposure to .05 mg/l of
copper vesulted in 1007 mortality for ephemeropterans zlithough tri-
chopterans were etlll active. Other research on the toxleity of
copper to aguatic orgsnisms including Insects demonstrated effects at
concentrations as low as 0,015 mg/l (MeKee and Wolf, 1983). Vari-
gbility of test results was probably due to the use of different taxa
and test conditions. Copper toxicity is modified by changes in water
temperature, hardness, dissolved oxygen concentration, and the presence
of other heavy metals {(Liovd, 19823, In this study the magnitude of
the influence of copper on the benthos was difficult to iseclate,
ezspecially from the effect of zinc. However, I feel that copper had
some effect at all stations except possibly Stations 1 and 4.

Sulfate concentrations increased in a downstream direction on
Galena {reek during the four months all three stations were sampled.
Station 3 had the highest observed monthly level on 9 of 10 sampling
dates. With downstream progression, the sulfate levels on the Dry

Fork incressed between Stations 4 and 5 but decreased from Station 5
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to Station 7 on each of 10 sampling dates. Station & had the lowest
level each month 8¢ the envrasce of Galena Creek probably caused the
increase observed at Htatden 5. Copcentrations of sulfate were
generally highest during the months having low flows {Table 1), which
was the opposite of the trend noted for iron concentrations.

Sulfate ranged from 7 to 270 mg/l during the study, and the
maximum difference between statlons on a glven sawmpling date was 260
mg/l. Sulfate probably oviginated from the oxidation of various
sulfides and constituted the major anion indicsted by the non-
carbonate havdness. Station 2 had levels ususlly above 90 mg/l, and
Station 3 had values above 200 mg/l on 7 of 10 sampling dates. All
other stetions genevally were below 90 mg/l.

Lierle has apparently been published sbout the toxicity of sulfare
to penthic macro-invertebrates. Roback and Richardson {1969) recorded
sulfate levels of 236 to 330 mg/l at a station having good benthic
representation and balance. Using these levels as a guide, only
benthos at otation 3 might have been affected by sulfate. This effect
would have been minor gince Warnick and Bell {1969) felr the effects
of sulfate anions were not as detrimental as those of the associated
heavy metal cations of copper and zinc.

Zinc concentrations in Galena Creek increased with downstream
progression with Statiom 3 having the highest observed level during

each of the 10 months sampled. Concentrations increased on the Dry
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Fork from Station 4 to Station 5 on every sampling date and then pro-
gressively decreased downstream from Station 5. SBtatdon 4 had the
iowast values each sampling date sc the entrance of Galena (reek
probably caused the increases at Station 3. Belt Ureek had a down-
stream increase in zinc concentratlons between Stationg 9 and 10,
probably due to the entrance of the Dry For%. During the months of
high flows (May, June, and July in Table 1), Stations 3 and 5 had
their lowest ohserved concentrations of zinc while Statdions Z, 7, and
8 usually had high concentrations. The latter seasonal pattern of
zine levels was similsar to that of irvon and probably was zlso due to
the increased transportation of precipitated materialis.

Zinc concentrations vanged from 0.01 to 11.75 mg/l during the
study, and the difference beltween these two levels was also the maximum
ohserved difference betwesn stationsg on any given sampling date.
Station I did pot have a concentration below 3.40 mg/l on any sampling
dare while Stations 1 and & and the Belt Creek stations did not exceed
§.13 mg/l any month. Spacific levels of toxicity for zinc could not be
determined from the literature because of varied test results. Wurtz
and Bridges {1961) found a 96-hour median tolerance limit of 1.46 mg/l
for tendipedids, and Sprague et gl. (1965} considered 2.4 mg/l of zinc
sufficient to eliminate all macro~invertebrates. However, Warnick and
Ball {1%89) had a 10-dav median tolerance limit for trichopterans at

32 mg/l. The reduced numbers and diversity of macro-invertebrates and
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the high zine concentrations at Statlon 3 suggest zinc had a major
influence on the benthos there. Zinc alsc could have caused the re-
guctions in benthos and compositional balance at Station 53 and may
have been partly rvesponsible for the depressed bilotic parameters ar

stations further downstream on the Dry Fork.



SUMMARY AND DISCUBSION

Depressed communiiles of macro-invertebrates were found to extend
at least 4.0 km on Galena Creek and 18.3 km on the Dry Fork. 4 severe
veduction in total number of individuals, total number of taxa, and
diversity of benthos and increased domination by pollution tolerant
forms, particularily Tendipedidae, were evident in collections from
these areas. The biotic parameters on Belt Creek below the entrance
of the Dry Fork were slightly reduced from those observed above the
entrance.

The changes observed in the blotic parameters for stations on
Galena Creek and the Dry Fork were similar to those found by Dombach
and Olive (1969) in acidic streams and by Chadwick (1974) in areas
having high concentrations of sulfste and iron, ferric hydrexide depo-
sition, but pH values usually above 7. In this study, acidity {(as
measured by pH} may have been a problem in Galena Creek adjacent to
the seepages, but 1t was well neutralized before reaching any sampling
station. Consequently, its effect on benthos collections should have
been negiigible, supporting statements by Koryak et gl. (1872) and
Fimmel and Hales {1973} that many bioclogical problems associated with
acid mine pollution sre not caused by acidity alone.

Because a complex series of physical and chemical changes occurred
over the affected areas, it was impossible to specifically identify

arry one factor in the acid mine drainage as the cause of the hiotic
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changes. However, ceopper and zinc with thelr additive or possibly
synergistic Interactlons (Llowd, 1%62; McKee and Wolf, 1963} seemed to
be the major toxicants to the benthos. The levels of either copper or
zinc at Station 3 were probably sufficient to have caused the observed
benthic reductions salthough deposition of ferric hydroxide, and other
materials may alsc have been detrimental at that station. At Station
5, the parameters foy the benthos decreased as flows dropped and con-
centrations of copper and zinc increased. 4 dramatic reduction in
benthos occurred in October at Statdion 3, possibly indleating copper
and zinc concentrations had achieved a lethal threshold., Lloyd {1982)
has shown a lethal threshold exists for these heavy metals with regard
to rainbow trout. Areas downstream from Station 5 on the Dry Fork
showed progressively reduced concentrations of zinc and several other
measured chemical pavameters. The downstream decrease in mortality of
rainbow trout fingerlings indicated an improvement in water quality
along the Dry Fork below the entrance of Galena Creek. This improve-
ment, however, was nof observed to a similar degree in the parameters
of the benthic macro-invertebrates, which usually continued to decrease.

The persistence of detrimental levels of copper may account for
the lack of improvement in dnvertebrate numbers, taxa, and diversity
below Station 5, but that alome does not explain the progressive down-
stream decreased in these parameters. Extensive, thick mats of vege-

tation comprised of varicus bacterds and algae formed on the strean



.
hottom at Stations 5 through 8 after spring runcif and may have raduced
the diversity of the habitat and brought other detrimental changes.
These mats could not be divectly related to the acid mine drainage but
may result from an input of nutrients. Increased water temperatures
and reduced flows probably further accounted for the reductions in
benthos, especially at Station 8 from July through October.

On Belt Creek the inter-stational differences in total number of
individuals and community composition were largely attributable to
sampling blas and neot {0 persistent acid mine pollutants entering from
the Dry Fork. Pollution from the town of Monarch may alsoc have con-
tributed to the remaining biclogical differences between Stations 9
and 10.

The reduction or elimination of copper and zinc concentrations
entering Galena Creek should be a principal consideration of future
pollution abatement projects. While this may not mitigate all detri-
mental factors, it should bring improvement fo the benthic macro-

invertebrate communities in the Dry Fork drainage.



APPENDIX
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TARBLE 14. NUMBERS AND TAXA OF BENTHIC MACRO-INVERTEBRATES OBTAINED
FROM FACH 0.2 M? SAMPLER RECOVERED AT STATIONS ON THE DRY
FORK OF BELT CREEK ON DECEMBER 14, 1973. Hypens indicate
zero counts,

Station ' 4 6 7
Sampler L 2 3 4 i 2 3 4 1 2

Taxa
Ephemeroptera

Ephemerella 1
Epeorus 1
Ehithrogena 2
Cinygmula 5
Bugtis 67

Pt ALY e fed
i
¥
f
i
i
i

Plecoptera

Brachyptera 5
Nemoura i3 1
Capuniinae -
Aeroneyria -
Arcynopteryx -
Isogenus 1
Tsoperia -
Alloperla -

b b= b2 O
LI S ]
Pt
i1
i1
[
i
i1

L E i T S v I+
|
i
¥
i
I
[
]
H

i
i
i
§
i
§
A
H
i

Trichoptera

Parapsyche
Ehyacophila
Brachycentrus
Lepidostoma

S S S S
bt
N b
i
i
i
i
i
¥
t

Diptera

Tendipedidae
- Simuiiidae - -

=J
-~
B fe
1
=t
W
£
¥
i
|

=
|
w
|
o
i~

Total 108 136 111 43
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THE CHLORIDE (Cl1), POTASSIUM (K), AND SODIUM (Na) CONCENTRATIONS IN MG/l OF WATER

TABLE 17.

SAMPLES TAKEN FROM STATIONS ON GALENA CREEK {(1-3) AND THE DRY FORK OF BELT CREEX

(4~8).

Date
8/5/73

10/8/73

9/7/13

7/5/73

6/6/73

Na

€1 Na Cc1

Na

cl

Na

C1

Na

Cci

Station

3.3
3.2

2.9 0.8 0.5

0.5 0.4
0.5 0.4
0.7 0.4

0.8 0.6 3.0
0.3 0.7
0.4 0.6

1.7 0.4
0.4 0.6
0.4 0.6
0.8 0.6

0.4 0.6

0.5

0.5 0.6

0.6 0.7

3.3
1.7

3.2 3.2

2.4

2

3.8

0.6 0.6

0.8 0.7

0.6 0.5

3
4
5

1.7

0.6 .4

0.6 0.6

@

0.4 0.7

1.6
1.8

1.1 0.6

1.3 0.6

2.3

1.9

0.5 0.5
0.5 0.6

0.5 0.6

°

2.1
2.0

0.4 0.9

s

1.9
1.8

2.1

0.6 0.6

.

1.9

0.8 0.9

1.8 0.5 0.6

0.5 0.6

6

2.1

0.6 0.9
0.7 0.6

0.3 0.9

0.5 1.8 0.5 0.6
0.6 0.5 6.6 0.6

0.7

58

1.9

. 0.4 0.6

0.8 0.9

-

8

12/14/73 1/16/74 4/5/74 5/16/74

11/4/73
0.4 0.4
6.7 0.5

0.8 0.6

3.7

1

3.6

2
3
4
5
6
7
8

2.9

0.4 0.5
0.4 0.6
0.3 0.6

0.3 0.8

0.5 1.0

0.6 0.7

-

0.4 0.6
0.2 0.6

1.8
2.5
2.3

4.0 1.0 0.5
0.7

1.8
2.8

. 2.0

2.5
2.1

G.6

0.5 0.5
0.9 0.5

0.4 0.6

2.3

.

0.3 0.5 0.8 0.9

6.5 0.5

2.1
2.2
2.0

-

2.9
1.9

0.7 0.7

0.4 0.7

0.2 0.6

0.4 0.5

0.4 0.6

-

2.5

0.4 0.6

2.0
2.1

0.8 0.7

0.6 0.5

0.4 0.8

0.6 0.7

6.7

2.5

0.5 0.6
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TABLE 2{, SELECTED PHYSICAL-CHEMICAL DETERMINATIONS MADE AT BELY
CREFE STATIONS ON NOVEMBER 4, 1873,
Station
Determination Units g 10
pH - 8.10 7.59
Specific Conductance pnhos/en 204.1 211.7
at 25° C
Total &lkalinilcy mg/l as 85.0 88.5
Catl
3
Total Hardness mg/l as 594 i62.2
Calco
3
Caleium Hardness mg/l as 78.0 74.8
Call
3
Caleium mg/l 30.4 29.9
Magnesium mg/l 5.7 6.7
mg/ L 7.4 Z2.5

Sodium
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